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[57] ABSTRACT 

The present invention relates to a mechanism for trans- 
forming a reciprocating motion and a rotating motion 
from one to the other, and more particularly to a crank- 
less engine in which in place of a crank shaft there is 
used a rocking member having a rockable fulcrum and 
adapted to perform rocking motions without rotating 
on its own axis, like a spherical bearing or a cross-type 
universal bearing. The above motional transformation is 
effected in high mechanical efficiency by pivotal con- 
nection between the said rocking member and a rotary 
shaft The compression ratio can be changed, and the 
engine is durable. 

21 Claims, 10 Drawing Sheets 
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are earnest about studies and there has been a recent 
CRANKLESS ENGINE tendency to increase in the number of intake and ex- 

haust valves. But it seems that this way of doing has 
BACKGROUND ART already reached a limit 

. . „ 5 Under such background, various crankless engines 
The present invention relates to a recipr ^ been dcv ised as mentioned above, but most of 

internal combustion engine for use as a driving unit in j» practical use. 

automobiles, motorcycles, construction inachines, agn- * e £ c ^ as reasons why crank- 

cultural machines, light airplanes, ships, generators, ine ^ . 

etc, as well as a co^e^oT and a pressure reducing ^g^^Si SjKSh • portion in 
machine for pressurizing fluid or reducing the pressure J[^» "point or linear intact as 

^ conventional crank engines are used as internal in the combination of a barrel cam and a roller, so wear 

combustion engines in various fields. On the other hand, out sooner to an unpractical extent. 

£2 Trype crinkles* engines have been devised as en- (2) Since the shding velocity is high, a .^eed 
gines which omit crank or as improvements over crank * 5 rotation is not obtained and so it is impossible to attain 
engines [see, for example, Toru Daidoji, "Crankless the improvement of performance. 
Engine," Nikkan Kogyo Shinbun-Sha (May 25, 1961), (3) On the same displacement basis, the volume of the 
P. 239]. These crankless engines are of a structure hav- entire engine becomes too large, resulting in increase ot 
inn an inclined crank pin, which is also called a Z type weight. 

crink shaft. 20 (4) Many of the crankless engines in question are 

As engines of this type there have also been devel- difficult to machine and cause problems in their manu- 
oped barrel cam type and swash plate type crankless facture. 

engines. But both are disadvantageous in point of dura- (5) The structure is too complicated, resulting in 
bility and production because the transfer portion in- increase of cost, which is a problem when viewed from 
eludes linear or point contact or the sliding velocity is 25 the ^ono^ p 0m t of view, 
too high. Therefore, they have not become popular yet rmiFPTS OF THE INVENTION 

As a crankless engine which has been put to practical OBJECTS OF THE iNVfcN 1 iuw 

use there is a rotary engine (manufactured by Matsuda It ^ tne greatest object of the present invention to 
Co.). dispense with a crank shaft, use a rocking member in- 

As compared with the reciprocating type engines, the 30 thereby reducing the number of bearings to di- 

rotary engine is superior in point of smoothness of rota- mm i sn a lateral pressure of each piston and decrease 
tion, reduced sire and weight, reduced number of parts weflr) ^ further decrease the sliding velocity, thereby 
required, and simplified structure. However, the fuel diminishing the slip loss of bearings and decreasing the 
economy is poor, which is ascribable to the leakage of Qf fud consumed 

gas from the apex or side seal, and m this is point the ft ^ ob j ect of ^ p rcscn t invention to replace 

rotary engine involves a serious problem. t ^ . t shafts with other t0 effect a mo . 

In the reciprocating type engines available at present tion F transformation reverse t0 that in internal combus- 
there are used four to Five intake and exhaust valves for ^ ^ ressors ^ vacuum pumpSt and 

each cylinder to improve performance and fuel econ- ^ th f attain thc impr0V ement of mechanical 
omy. But this is almost a limit. Aw ^ nnmmi nf efficiency and of the driving force transmitting effi- 

As to reciprocating type engines, the development of ^ 7 
a high-powered engine capable of affording smooth ciency. 

rotation and superior in quietness has been desired. Also SUMMARY OF THE INVENTION 

in the field of air compressors and vacuum pumps using & used m the 

a pistonithasbeendesiredtodevelopproducuofhigh4 3 ^pjTto ^ conventional 

efficiency. crankshaft, A oin of the rocking member adapted to 

Particularly, in reciprocating type ™^ybnder en- °™^ oc ^ m J? tions with a g spneri cal bearing or a 

S^iSSr 5 ^mssss arse 

tag cSfor AeSshaft are increased, and consider- a crank shaft is not used and instead there is adopted a 
aWeS«qu^fora<^pUcatedn«chininginthe struct^ which a rotating force 
crank case bearing portion, so it is now necessary to 60 shaft by means of the rocking member, and I a jam Jw- 
««* with theincrease of the manufacturing cost. ing a spherical beanng or pin joint structure u mounted 

KirticulSy^ulticylinder engines are required to the rocking member so that a ^>%fV^^ 
for the "pmpose of attaining increased output and be connected to the inking member. With thB Sttuc- 
smooth rotation, and like a demand contradictory ture, even an engine having a number of pistons can be 
thereto, the reduction of size and weight are required. 65 simplified in structure. 

On the other hand, it is necessary t attain both the Besides, the rocking member does not rotate on its 
improvement of performance and the decrease in the own axis, but transfers power through 
amount of fuel consumed, to this end, manufacturers alone, so that the shding velocity is low and the transfer 
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efficiency is improved. Moreover, since the conven- FIG. 10 is a sectional view of an embodiment of the 

tional crank shaft is replaced with the rocking member invention further including a compression ratio chang- 

which is small-sized, the engine becomes light-weight. ing mechanism; and 

Also, the fuel economy is improved because of exclu- FIG. 11 is a view explanatory of the operation of 

sion of the crank shaft which requires the provision of a 5 FIG. 10. 

number of bearings and causes deteri ration of mechan- ncXA „ ™ nccroiimnM mr tuc 

ical efficiency. lS5^S ° 

Further, in conventional multicylinder engines, the 

crankshaft is long, giving rise to torsional vibrations, so The present invention will be described hereinunder 

it is necessary to take a measure for preventing such 10 with reference to the drawings, 

vibrations, for example the use of a damper. Even in the In FIG. 1, a rotary . shaft 1 (hereinafter referred to as 

case of a multicylinder engine, the use of the rocking tne "output shaft 1") is supported in a case 11 rotatably 

member in the present invention is advantageous against through bearings 111 and 112. 

such vibrations because it is short. One end of the output shaft 1 is projected inside the 

On the other hand, for the purpose of increasing 15 case H, and. an inclined hole 113 is formed in the said 

output and decreasing the amount of fuel consumed, it one end, with a bearing 2 being inserted into the hole 

has been desired to use a mechanism for changing the U3* 

compression ratio in the combustion chamber. In crank a po^ 011 opposed to the hole 113 of the output 
engines, however, such mechanism has not been put to 20 sna ^ * there ^ fanned a balancer 114 for balancing a 
practical use because of more complicated structure, centrifugal force which is created by an eccentric mo- 
while in the crankless engine of the present invention, uon of a rocking member 3. 

the changing of the compression ratio can be done by ° n ^ otner hand » the output shaft 1 projects outside 

simple means. tn e case 11 to form a projecting portion 115, which 

Further, since the crankless engine of the present 2 5 serve ^ 38 *" out P ut take-out portion, with a spline or 
invention is simple in structure even in a multicylinder serration or key way being formed in the outer periph- 
mode, it can be fabricated easily as a compressor or a eral P ort i° n of the shaft- 
vacuum pump in addition to the engine, whereby the In 8 Potion near the middle of the output shaft there 
decrease of the manufacturing cost can be attained. is formed a screw gear 116 for driving a cam shaft. The 

A combustion chamber is formed on one or both sides 30 scrc . w gear 116 can also be med for drivin S ™ auxiliary 

of each piston. Expansion energy created in the com- engine. 

bustion chamber pushes the piston and is transferred to . The rocking member 3 is fitted in the spherical bear- 
part of the rocking member through the joint connected m 8 4 in an eccentrically rockable state. The spherical 
to the rocking member. With this force, the rocking bearing 4 is mounted to a bracket 5, and the front end of 
member rocks with the universal bearing which sup- 35 a P m Portion 32 on the side of the output shaft 1 is 
ports the rocking member as a fulcrum, so that the said in **ted in the interior of the bearing 2 and pivotally 
part of the rocking member imparts rotation to the secured for rotation. 

rotary shaft, thus generating a driving force of the en- A spherical bearing 72 is provided in an outer- 

gi ne , phenphery connection 31 of the rocking member 3, and 

Or, conversely, using the rotary shaft as an input 40 «d of • joint 7 is attached thereto. The other end of 

shaft, a rotating force is given by the power of motor or the h Jomt . 1 15 ? on ™f Xed D V fitti *S °f * P^on 6 and a 

engine, causing each piston to reciprocate, whereby gas sp 5"? bean ?f ' - . . . 

or air can be compressed or reduced in pressure. . F t ur , th ? \ ! P ist0 " »• J *?V ch 15 connected through the 

K joint 7, is disposed shdably within a cylinder 9, and a 

BRIEF DESCRIPTION OF THE DRAWINGS 45 cylinder head 92, which is mounted to cover the cylin- 

FIGS. 1 to 11 illustrate embodiments of the present V ^ g ? 1 ™ d "J"*** 

invention in which- exhaust valve 93. The piston * is fitted m the cylinder 9 

FIG. l'is an entire sectional view of an embodiment . > 

of the present invention; A ? t0 the Pf™ 8 ' * cre \ rc two types one of which 

pm * o «»~*;~ MA i • 1 r 50 combustion chambers 90 on both sides of the piston 8, as 

FIG. 2 is a sectional view showing an example of shown in nQ x amJ ^ oth h combus ti 0 n cham- 

mem^e mterC ° nneCtmg ™ h piSt0n a r0Ckm S ber on only one side, as shown in FIG. 3. The both^de 
FIGS! 3(A) to 3(D) are schematic diagrams showing Jjff ^""^ " * nUmber ** ^ °^ 

examples of cylinder arrangements; , 55 An output shaft 10 for auxiliary machinery 10 shown 

FIG. 4 is a sectional view showing another example in FIG. 1 has a structure capable of taking out a rotating 

of the present invention adopting a cross-type universal forcc through a system separate from Ac output shaft x 

e ^ 8 *e • * by utilizing the eccentric rocking motion of the rocking 

FIG. 5 is a secUonal view of a one-side combustion member 3. 

chamber type multicylinder engine according to an- 60 A pin 22, which is mounted to the rocking member 3, 

other embodiment of the present invention; serv es to drive the auxiliary machinery output shaft 10. 

FIG. 6 is a sectional view showing another structural a pin receptacles 22 is a bearing which transfers power 

example of a rocking member and a spherical bearing; to the output shaft 10 for auxiliary machinery while 

FIG. 7 is a view showing an example of a mechanism rotating under sliding together with the pin 22. 

for stabilizing rocking motions of the rocking member; 65 The output shaft 10 for auxiliary machinery is used 

FIG. 8 is a view showing another example of the for driving cooling fans, generators, pumps, compres- 

mechanism of FIG. 7; sors for cooling, etc. A pulley 101 is mounted on the 

FIG. 9 is a view showing a modification of FIG. 8; front end of the output shaft 10 for auxiliary machinery. 
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An oil hole 20 is for feeding lubricating ofl to various FIG. 4 is a sectional view showing another structure 
sliding surfaces. to which there is adopted a cross-type universal bearing 

The crankless engine illustrated in FIG. 1 is a four- as the fulcrum of the r eking m tion of the rocking 
cycle gasoline engine, which operates as follows. member 3 in place f such a spherical bearing 4 as 

The gas compressed by the piston 8 is ignited by the 5 shown in FIGS, i, 5 and 6. The cross-type universal 
spark plug 91, thereby burns and expands, and the re- bearing comprises a main cross shaft 12 and a sub cross 
suiting pressure presses the piston 8 toward the opposed shaftl3 which is supported by the bracket 5. 
combustion chamber 90. This pressing force is transmit- Into the rocking member 28 there is inserted a bear- 
ted through the joint 7 to the outer-periphery connec- kg » m which is fitted the main cross shaft 12. so that 
tion 31 of the rocking member 3 and pushes it Since the 10 the rocking member 28 can rock about the main cross 
pin portion 32 of the rocking member 3, which is sup- shaft 12. Therefore, using the mtersectmg point De- 
ported by the spherical bearing 4 as a fulcrum, is re twecn the mam and sub cros^ shafts 12, 13 as a fulcrum, 
strained so as to be movable only in the rotating dirco the rocking member 28 performs toe same eccentric 
tion of the output shaft 1, the pushing force of the piston ^S m _°^ n f m Ac bearing 4 shown in 

8 serves as a motion to rotate the output shaft 1 with the 15 "P 5 ; *• 5 m * * _ . ... 

fitted portion of the rocking member 3 in the spherical the piston 8 " £™^J*^ 

. . r . f i through the pin 6 and a bushing 61. The mam cross shaft 

^^vecomb^on stroke is carried out also in the £™* J* *** 7 MC interconnected through a pin 
o^er^mbustion chambers 90 In each combustion * 5 is a mMk ^ Q f a barrel type multicylin- 

chamber 90. combustion, exhaust, intake and compres- mb ^ atnX of thc 

sion strokes are performed in this order as one cycle. thc com bustion change 90 is 

That is, the piston 8 wmch experienced a combustion P Qn ^ Qne ^ of ^ ^ 8 A suitablc 

pressure and thereby pushed m one combustion cham- num ber 0 f cylinder is seven to nine, but a larger number 
ber 90 acts to carry to a gas compressing or exhaust ^ fc ^ adoptable, 

stroke in another combustion chamber 90. If a spherical bearing 21 is used as the outer bearing 

A screw gear 117 on a driven side is perpendicularly surface of ^ pin portion 32 which is inserted to the 
in mesh with the screw gear 116 formed on the output hole n3 of ^ output shaft 1, it is possible to absorb a 
shaft 1 and it fa connected to a cam shaft 94. The cam distortion induced when a force is exerted on the rock- 
shaft 94 functions to actuate the intake^exhaust valve 93 3Q bg member 3 ^ also ^ error in machining 
directly or through a rocker arm. accuracy, so that the contact of the inner surface of the 
A timing gear 118 is fixed to the cam shaft 94 and it is sphe rical bearing 21 with the associated shaft is effected 
connected to a timing gear 119 through a chain or a m a better con di t j 0 n, thus leading to improved durabil- 
tiraing belt The timing gear 118 actuates a valve mech- ity 

anism provided on an opposed, cylinder head 120 side. 35 { n ordcr tnat th e r0 cking member 3 shown in FIG. 3 
The teeth ratio of the screw gears 116 and 117 is set ^ perform a sta ble rocking motion, a bevel gear is 
at 1:2 because in a four-cycle engine it is necessary that ^ a stabilizing gear 16. 

the number of revolutions of the cam shaft 94 be set at According to another method for stabilizing the 
one half relative to the output shaft 1. In a two-cycle rocking motion of the rocking member 3 without using 
engine having an intake-exhaust valve, the screw gear 40 a ^evel g ea r, as shown in FIG. 7, a cylindrical protru- 
116, 117 teeth ratio may be 1:1. s j on is formed on the head of each spherical bearing 72 

A water jacket 17 is provided for cooling each cylin- so ^ t0 De provided with cylindrical teeth 73, which 
der using water. serves as the teeth of a gear and corresponds to a gear of 

The numeral 19 denotes a flywheel. A ring gear 19, nine te eth in the case of a nine-cylinder engine, while a 
which is fixed to the flywheel 18 for starting the engine, 45 ring-like crown gear 74 is mounted to a cylinder skirt 
is adapted to come into mesh with a pinion of a starter portion 50 so that it is in mesh with the cylindrical gear 
motor. 73. By this construction, the rocking motion of the 

Referring now to FIO. 2, there is shown another rocking member 3 can be stabilized, 
example of connection between the piston 8 and the According to a further method for stabilizing the 
rocking member 3. A slide hole 81 is formed in the 50 rocking motion of the rocking member 3, a slide pin 75 
piston 8, and a cylindrical slider 14 capable of sliding like the above cylindrical protrusion is provided in a 
perpendicularly to the moving directions of the piston 8 certain position of the spherical bearing 72 shown in 
is used in place of the spherical bearing 72. This is suit- fig. 8, and a guide 76 capable of moving only in the 
able for the cylinder arrangements of FIGS. 3(A) and moving directions of the piston 8 is mounted to the 
3(B), and is also employable in the cases of FIGS. 3(C) 55 cylinder skirt portion 50. The slide pin 75 is moved 
and (D). In this case, the outer-periphery connection 31 along the guide 76, whereby the rocking motion can be 
is the rocking member 3 should be made movable in the stabilized. In this case, if a slider 79 having a flat face for 
axial direction of a pin 15. abutment with the guide 76 is fitted in the slide pin 75, 

The structure of FIG. 3(B) is suitable for high-class the durability is improved, 
automobiles having an engine as fat as possible and 60 In FIG. 9, a similar guide 78 to the guide 76 shown in 
provided with many cylinders, for example, having a FIG. 8 is provided and a sliding surface 77 having a 
limited engine room. According to this structure, two cylindrical surface is slid along the guide 78 to attain a 
such engines as shown in FIG. 3(A) are put one upon stable rocking motion. 

the other, and gears lc 1c mounted n output shafts t The piston 8 shown in FIG. 5 is almost the same as in 
lb are in mesh with each other so as to be 90* ut of 65 the conventional engines, provided that the spherical 
phase in their engine rotating phases. This structure is of bearings 62 and 72 are used in the piston 8— joint 7 
a four- or eight-cylinder engine, which can be accom- connection and the rocking member 3— joint 7 connec- 
roodated compactly in the engine room. tion. 
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In FIG. 5, a pinion 35 is attached to the output shaft 
1 directly. A gear 36 is in mesh with the pinion 35, and 
a second pinion 37, which is integral with the gear 36, is 
in mesh with a second gear 38. 

A bevel pinion 95 is fixed to the cam shaft 94 and it is 3 
in mesh with a bevel gear 39 which is integral with the 
second gear 38. 

In a four-cycle engine for example, it is necessary to 
set the number of revolutions of the cam shaft 94 at one 
half relative to the output shaft 1, so if the teeth ratio of 10 
the second pinion 37 and the second gear 38 is made 
identical with that of the bevel gear 39 and the bevel 
pinion 95, the number of revolutions of the cam shaft 94 
can be decreased to one half by setting the pinion 35 — 
gear 36 teeth ration at 1:2. In this case, since the rotation 15 
of the bevel gear 39 and that of the bevel pinion 95 are 
accelerated the second pinion 37 and the second gear 38 
are of a combination in which their rotations are decel- 
erated. 

The output shaft 34 for auxiliary machinery takes out 
rotation from a circular motion induced by the eccen- 
tric rocking motion of the rocking member 3. 

Since the engine shown in FIG. 5 is of a one-side 
cylinder head type, the mounting of intake and exhaust ^ 
pipes is better coordinated and so it is possible to reduce 
the size as a whole. Thus, this engine is suitable for 
automobiles having a small engine room. 

FIG. 6 shows an example of a simplified structure of 
the rocking member 3 and that of the spherical bearing 3Q 
4. According to this structure, a spherical holder 51 
shown in FIG. 5 is not used in order to facilitate assem- 
bly and maintenance, while the cylinder 11 and the 
rocking member 3 are each provided with a spherical 
sliding surface 52 shown in FIG. 6 for preventing disen- 35 
gagement of the rocking member 3 from the spherical 
bearing 4. 

In this case, while the engine is in operation, an ex- 
pansion pressure induced by combustion acts to push 
the rocking member 3 toward the spherical bearing 4, ^ 
with little force exerted in the direction of the spherical 
sliding surface 52, so there is no fear of slip loss or wear. 

In connection with the spherical bearing 4 shown in 
FIGS. 1, 5 and 6 t it is important that this bearing portion 
should be resistant to seizure and be made of a material 45 
which is immune to wear and is durable. 

For example, fine ceramics whose advancement is 
outstanding may be used to make the most of its charac- 
teristics that is material is less wettable, difficult to cause 
seizure, and its resistance to wear is high. These charac- 50 
teristics, in combination with the supply of an appropri- 
ate oil a pressure, permits the fabrication of a bearing 
which is stable and has a long life. 

It is also important that the material used for this 
. bearing be small in its coefficient of friction. In the case 55 
of fine ceramics of silicon carbide, there is available one 
whose coefficient of friction is about 0.04 according to 
data [see "Nikkei Mechanical," Nikkei BP Co. (Sept 
18, 1989)]. 

However, there is the problem of fragility which is 60 
said to be a drawback of fine ceramics, and if as a solu- 
tion to this problem there is adopted a method in which 
a special steel having toughness is used as a matrix mate- 
rial and small, polygonal fine ceramic pieces having a 
thickness of several millimeters are stuck side by side on 65 
the surface of the special steel matrix, not only the ex- 
ternal form accuracy is improved and the finishing time 
can be shortened, but also there can be obtained a bear- 



ing having high resistance to wear and high accuracy in 
which the resulting gaps serve as passages for oil. 

As other materials there may be used super hard alloy 
and special alloy steel after carburizing and hardening. 
But it is important to select a suitable mating material. 

For connection of the joint 7 there are two methods, 
which will be explained below. 

Where there are three or more cylinder positions as in 
FIGS. 3(C) and 3(D), the outer-periphery connection 
31 of the rocking member 3 shown in FIGS. 1, 5 and 6 
rocks not only in the moving directions of the piston but 
also slightly in the directions of arrow k shown in 
FIGS. 3(C) and (D), so it is impossible to adopt a con- 
necting method using a pin which permits only connec- 
tion of two-dimensional motions. In this case, therefore, 
there is adopted such a spherical shape as the spherical 
bearing 72. 

In the example shown in FIG. 4 there is adopted a 
cross-type universal bearing. In this case, the cylinder 
arrangements of FIGS. 3(A) and 3(B) are applicable, 
and an end 30 of the main cross shaft shown in FIG. 4 
rocks only in the moving directions of the piston 8 using 
the sub cross shaft 13 as a fulcrum, and this motion is a 
two-dimensional motion not involving movements in 
the directions of arrow j shown in FIGS. 3(A), (B), so 
in this case it is possible to adopt a pin like the pin bear- 
ing 71. 

Thus, where the cylinder arrangement is like FIGS. 
3(A) or (B), there is allowed only two-dimension mo- 
tions on a plane on its section M-N, namely only in the 
moving directions of the piston 8, so a pin connection 
can be adopted in the joint 7 mounting portion of the 
rocking member 3 t while in such multicylinder arrange- 
ments as FIGS. 3(C) and 3(D), it is necessary to adopt 
a spherical bearing for the connection of the joint 7. 

The cylinder arrangements shown in FIGS. 3(A) to 
3(D) are of only even numbers and this will do in the 
case of a two-cycle engine. But in the case of a four- 
cycle engine, it is better to use a cylinder arrangement 
of an odd number because the flow of the ignition order 
of gas is improved. 

As to the piston 8, combustion chamber 90, spark 
plug 91, intake-exhaust valve 93 and cam shaft 94, the 
conventional technique can be applied as it is, so there is 
no such deterioration of fuel economy caused by the 
leakage of gas as in the case of a rotary engine. There- 
fore, the present invention is also applicable to diesel 
engines and two-cycle engines in addition to four-cycle 
gasoline engines. 

A further embodiment of the present invention will 
be described below with reference to FIGS. 10 and 11. 

According to the construction illustrated in those 
figures, a mechanism capable of changing the compres- 
sion ratio is attached to the engine of the present inven- 
tion to increase the compression ratio, thereby improv- 
ing the thermal efficiency, enhancing the output and 
decreasing the amount of fuel consumed. On the other 
hand, at a high compression ratio, when a high load is 
applied while the engine is rotating at low speed, there 
may occur knocking due to abnormal combustion, 
which leads to a lowered output or damage of the en- 
gine, so in order to prevent these inconveniences, it is 
possible to make a change from the high compression 
ration to a lower compression ratio. Thus, it is intended 
to attain high performance and the decrease of the 
amount of fuel consumed by making the most of the 
advantages, of both high and low compression ratios. 
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Recently there have been proposed various methods or out with respect to the cylinder cover, whereby an 

for changing the compression ratio; f r example, a accurate control can be effected, 

method in which an eccentric bushing is incorporated in In additi n t the application as an engine, the present 

a large or small end portion of a connecting rod and it invention is also applicable to compressors and vacuum 

is turned to change the length of the connecting rod t 5 pumps each having an automatic valve such as a ring 

thereby adjust the compression ratio, and a method in valve r a flapper valve as the mtake-exhaust valve 93 in 

which a hydraulic cylinder is provided in the interior of the cylinder 9. Moreover, since the number of cylinders 

a piston and the compression ratio is changed by a can be set large, the present invention is also suitable as 

change in height of the piston which Is caused by a a large-sized, high-pressure multistage compressor or as 

change in the strength of a combustion pressure against 10 a large-sued vacuum 

the oil pressure in that cylinder. In all of those methods, 1*'?™* mven *°" ^El* 2fa£ Z £ 

however, it is necessary to provide such mechanism for foUowmg features Also, ^ JoUowmg effects am be 

each piston, so m the case of a ^^r^ St^^^ 

gu* the mechanism is fairly complicated, or^weight JJJJ "Jjojj moonai perform^ only rocking 

SI\ P d^?^^ 8 " t0 ™J. without rotating mo£ns except the output 

In the present invention, the mechaii^ m question * Additional mounting of a compression ratio 

may be provided in only one place even in the case of a c ^£™ island there can be attained 
multicylmder engine, and the structure required I is output and the decrease of the amount of 

simple structure m which the position of the roclong fadcmmm± 

member 3 is merely controlled. Therefore, it can be said . $]ncc ^ m few rotary bearing portions, 

that this structure is most suitable for an engine pro- ^ „ }qs& {s decreascd( the mec hanical efficiency is 

vided with such compression ratio changing mecha- improved( md ^ of fuel consumed is de- 

nism. 25 creased 

FIG. 10 is a sectional view of a portion of a gasoline (3) Smcc a latcral pressurc ^ Uttle exerted on the 

engine of a one-side combustion chamber type, in which -ton, there is no frictional loss and the piston is diffi- 

the spherical bearing 4 is fitted on a cylindrical shaft 45 cu j t tQ wear 

so as to be slidable in paraUel with the piston operating ^ ^ ^ ^ we j g h t can be reduced, 

direction. 30 (5) Assembly and disassembly are easy. 

The spherical bearing 4 is provided with a rod 46 What j s d^mcd jg. 
integraUy, the rod 46 extending slidably through the t A crankier engine comprising a piston which re- 
center of the shaft 45, and a slidable hydraulic piston ciprocates in a cylinder and a rocking member capable 
and the rod 46 are connected to the interior of a hydrau- of changing a rocking fulcrum, said rocking member 
lie cylinder 44. The hydraulic cylinder 44 is closed with 33 comprising a pin portion and an outer-periphery con- 
a cover 47, while hydraulic oil ports 48 and 49 are kept nec tion both formed integrally with each other, said 
in communication with each other. And a pin portion of piston and said outer-periphery connection being inter- 
rocking member 3 is slidably connected into die spheri- connected through a joint, and a front end of said pin 
cal bearing 21. portion being pivotally connected inclinedly through a 

The position shown in FIG. 10 corresponds to a high 40 rotatably-supported rotary shaft, in which the recipro- 

compression ratio, in which an oil pressure is applied eating motion of said piston and the rotating motion of 

through the hydraulic oil port 48. (In this case, the gaid rotary shaft are transformed from one to the other, 

pressure to the hydraulic oil port 49 is set at a value 2. A crankless engine according to claim 1, wherein 

close to zero.) And the spherical bearing 4 has moved to sa id cylinder is provided with a cylinder head having a 
the position in which the compression ratio of the piston 45 spark plug and an intake-exhaust valve mechanism, and 

is the highest the reciprocating motion of said piston is transformed 

On the other hand, the position shown in FIG. 11 into the rotating motion of said rotary shaft for opera- 
corresponds to the lowest compression ratio. By releas- tion as an internal combustion engine, 
bg pressure from the hydraulic oil port 48 and applying 3, a crankless engine according to claim 1, wherein 
an oil pressure to the hydraulic oil port 49, the piston 43 50 an intake pipe and an exhaust pipe are connected to said 
is moved to the illustrated position together with the cylinder, and the rotating motion of said rotary shaft is 
spherical bearing 4. Consequently, the rocking member transformed into the reciprocating motion of said piston 
3, joint 7 and piston 8 also move to the respective illus- for operation as a pressurizing or pressure-reducing 
trated positions at the same time, in which the compres- engine. 

sion ratio is the lowest 55 4. A crankless engine according to claim 1, wherein 

Thus, the compression ratio can be controlled to high said rocking member is connected to a bracket which is 

and low values hydraulically as desired. The engine fixed to a case through a spherical bearing, 

speed and the state of the accelerator which controls 5. A crankless engine according to claim I, wherein 

the rotation of the engine are detected, and the position said rocking member is connected to a bracket which is 
of the piston is automatically controlled hydraulically 60 fixed to a case through a cross-type bearing, 

according to the degree of load to change the compres- 6. A crankless engine according to claim 5, wherein 

sion ratio of the engine, whereby not only a high output said joint and said piston, as well as said joint and said 

can be obtained in a comfortable state but also the outer-periphery connection, are interconnected with 

amount of fuel consumed can be decreased. pins, respectively. 

Further, since the piston rod 46 extends through the 65 7. A crankless engine according to claim 1, wherein a 

cylinder cover 47 and is exposed to the outside, it is easy weight balancer is disposed at an end porti n of said 

to detect a compression ratio on the basis of the amount rotary shaft opposedly to the pivoted positi n of said 

of movement of the piston rod as the piston rod goes in pin portion. 
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8. A crankless engine according to claim 1, wherein 16. A crankless engine according to claim 1, com- 
an output shaft for auxiliary machinery is connected to bined with a mechanism for stabiltzmg the rocking mo- 
a portion f said rocking member which portion per. - -^^r^rding to claim 16. wherein 
forms a routing m toon. , . „ t . 5 said stabilizing mechanism comprises a bevel gear on 

9. A crankless engine according to claim 1, wherem ^ te ck ^d^ ppositc to the pin porti n-disposed side 
said j int c mprises a slider and a sliding hole, said of ^ rockmg mem ber, and a bevel gear meshing with 
slider being slidably connected to said outer-periphery ^ mounted to a case, 
connection through a shaft 18. a crankless engine according to claim 16, wherein 

10. A crankless engine according to claim 1, wherein io said stabilizing mechanism comprises a cylindrical gear 
said joint is connected to said outer-periphery connec- formed projectingly at a front end of said outer-periph- 
tion of said rocking member through a spherical bear- ery connection of said rocking member, and a gear 
mg, and said joint and said piston are interconnected meshing with said cylindrical gear and mounted to a 

l ^l U a\"^^ to claim 1. wherein W l** 0 .^^ 

, .... • • • . . said stabilizing mechanism comprises a slide pin pro- 

said cyhnder which receives said ^ piston herein is dis- ««» pro j C ctmgly at a front end of a said outer periph- 

posed on each of both nght and left sides of said rocking cry m rocking member) and a guide 

member in a facing relation to each other. mounted to a case, said guide having a slot for guiding 

12. A crankless engine according to claim 1, wherein 2o s iy c pm . 

said cylinder which receives said piston therein is dis- 20. A crankless engine according to claim 16, wherein 

posed on either the right or the left side of said rocking sa id stabilizing mechanism comprises a sliding surface 

member. formed on a side portion of said outer-periphery con- 

13. A crankless engine according to claim 10 or 11, nection of said rocking member, and a guide member 
wherein plural said cylinders are disposed around said 25 mounted to a case for guiding said sliding surface while 
rocking member bcin S m abutment with the sliding surface. 

14. A crankless engine according to claim 1, wherein t . ^ \ «ankless engine according to claim 4, com- 

mg one rotary shaft are ^disposed side by side, and a gear 3Q mechanism comprising a rod projecting into the spheri- 

is mounted on each said rotary shaft, said gears on said ^ portion of ft spherical bea ring and a cylindrical shaft 

rotary shafts being in mesh with each other so that they m which ^ fitted ^ rod s i idab iy, the end of said rod 

are shifted in cycle phase. opposite to the end projecting into said spherical por- 

15. A crankless engine according to claim 1, wherein tion being connected to a hydraulic piston which is 
the front end of said pin portion is pivotally connected 35 moved by an oil pressure, and pin portion of said rock- 
to an end portion of said rotary shaft through a spheri- ing member is slidably connected to said rotary shaft, 
cal bearing. * * * * * 
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